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1
INTELLIGENT IMAGE NOTE PROCESSING

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates in general to computing
systems, and more particularly to, various embodiments for
intelligent 1mage note processing by a processor.

Description of the Related Art

In today’s society, consumers, businesspersons, educa-
tors, and others communicate over a wide variety ol medi-
ums 1n real time, across great distances, and many times
without boundaries or borders. The advent of computers and
networking technologies has made possible the intercom-
munication of people from one side of the world to the other.
These computing systems allow for the sharing of informa-
tion between users in an increasingly user iriendly and
simple manner. The increasing complexity ol society,
coupled with the evolution of technology, continues to
engender the sharing of a vast amount of information
between people.

SUMMARY OF THE

INVENTION

Various embodiments for intelligent image note process-
ing by a processor, are provided. In one embodiment, by way
of example only, a method for mtelligent 1mage note pro-
cessing, again by a processor, 1s provided. One or more
images associated with a user equipment (UE) may be
determined to have notation data. The notation data may be
extracted, from the one or more 1mages to create one or more
actions 1n relation to the notation data.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

In order that the advantages of the invention will be
readily understood, a more particular description of the
invention briefly described above will be rendered by ret-
erence to specific embodiments that are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered to be limiting of 1ts scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings, in which:

FIG. 1 1s a block diagram depicting an exemplary com-
puting node according to an embodiment of the present
invention;

FIG. 2 1s an additional block diagram depicting an exem-
plary cloud computing environment according to an embodi-
ment of the present mnvention;

FIG. 3 1s an additional block diagram depicting abstrac-
tion model layers according to an embodiment of the present
invention;

FI1G. 4 1s an additional block diagram depicting an exem-
plary functional relationship between various aspects of the
present mvention;

FIG. 5 1s an additional flowchart diagram depicting an
additional exemplary method for intelligent image note
processing by a processor, again in which aspects of the
present mvention may be realized; and

FIG. 6 1s an additional flowchart diagram depicting an
additional exemplary method for intelligent image note
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2

processing by a processor, again in which aspects of the
present invention may be realized.

DETAILED DESCRIPTION OF THE DRAWINGS

Computing systems may include large scale computing
called “cloud computing,” in which resources may interact
and/or be accessed via a communications system, such as a
computer network. Resources may be software-rendered
simulations and/or emulations of computing devices, storage
devices, applications, and/or other computer-related devices
and/or services run on one or more computing devices, such
as a server. For example, a plurality of servers may com-
municate and/or share information that may expand and/or
contract across servers depending on an amount of process-
Ing power, storage space, and/or other computing resources
needed to accomplish requested tasks. The word “cloud”
alludes to the cloud-shaped appearance of a diagram of
interconnectivity between computing devices, computer net-
works, and/or other computer related devices that interact in
such an arrangement.

Additionally, the Internet of Things (IoT) 1s an emerging
concept of computing devices that may be embedded 1n
objects, especially appliances, and connected through a
network. An IoT network may include one or more IoT
devices or “smart devices”, which are physical objects such
as appliances with computing devices embedded therein.
Many of these objects are devices that are independently
operable, but they may also be paired with a control system
or alternatively a distributed control system such as one
running over a cloud computing environment.

The advent of real-time commumnication made possible by
various computing devices enables people to share commu-
nication, such as emails, messages, speeches, social media
posts, and other content. More specifically, as consumers,
businesspersons, educators, and others have become more
accessible and globalized, using various computing systems
such as, for example, audio and/or video conierencing
systems for meetings, conferences, or presentations. Often
times, these meetings, conferences, or presentations include
topics and subtopics mvolving participants (e.g., “decision
makers”) to engage in discussions to reach or make deci-
S1011S.

These decision discussions often times are unstructured,
ineflicient and may partially or fully digress from the origi-
nal topic or subtopic, particularly where decisions need to be
made 1n a collaborative environment. Attempting to gather
and provide structured talking points or decisions 1s cur-
rently time consuming and ineflicient. Moreover, gathering
and summarizing these decision discussions 1n a structured
format from the collaborative environments 1s currently
challenging, labor intensive and error prone. However, hav-
ing access to such structured representation and summari-
zation of decision discussions would be useful 1n collabora-
tive decisions: for example, when a final decision maker 1s
required to consult with a group to obtain participant per-
spectives or when a consensus needs to be achieved amongst
multiple participants.

Accordingly, various embodiments are provided herein
for the extraction and summarization of key decision ele-
ments from discussions from various communications (e.g.,
audio data, video data, etc.). In one aspect, one or more
communications (e.g., conversations) and the contexts of the
communications may be tracked from multiple resources or
data sources (e.g., video data, audio data, social media posts,
video/audio threads, channels, protocols, email, short mail
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service (“SMS”) messages, voice data/messages, and the
like) on different applications and/or devices.

In one aspect, data such as, for example, communications,
from one or more computing devices, having text data (e.g.,
transcripts of discussions, blogs, social media posts, etc.) or
audio and/or video recordings (with possible timestamps)
may be received and gathered. The communications (e.g.,
text data, audio data, visual data) may be processed so as to
1) automatically transcribe speech data (for audio data)
and/or process video data, 2) identily speakers/participants
for each specific audio utterance of the data, 3) i1dentily
segments within the data pertaiming to decision discussions
along with the decision topic, 4) automatically extract men-
tions decision elements, for example criteria, alternatives,
tradeotls, constraints, etc., 5) group, cluster, and/or organize
extracted information (including mapping decision alterna-
tives and criteria of each decision), 6) enrich concepts of the
decisions/communications by linking the decisions/commu-
nications to a domain knowledge (e.g., dbpedia), and/or 7)
identily expressed sentiment by one or more participants
towards raised decision elements in the communication
(e.g., during a meeting). In other words, the present inven-
tion may digest and process the audio data, video data,
and/or text data for extracting one or more decision elements
that may be grouped, coordinated, and orgamized for later
processing.

The mechanisms of the illustrated embodiments may
provide a structured summary of one or more decision
elements of the communications so as to enable a user,
participant, or other third party to interact with the structured
summary. The structured summary may be displayed on an
interactive graphical user interface (“GUI”) as a visual
representation of the summary. The visual representation of
the summary may a) enable users to filter on keywords,
authors/contributors, dates, and/or other selected aspects, b)
scrutinize each piece of extracted information 1n context so
as to determine (either automatically performed and/or via a
user) as to whether the extracted information was correctly
identified or not or simply to help the user understand the
meaning, etc., and/or ¢) 8) 1dentily expressed sentiment by
one or more participants towards the decision elements,
alternatives to the decisions, and/or criteria of the topics/
subtopics. Other examples of various aspects of the 1llus-
trated embodiments, and corresponding benefits, will be
described further herein.

In aspect, the present mvention provides for extraction
and summarization of decision discussions of a communi-
cation by identilying and extracting decision elements relat-
ing to one or more decisions from one or more communi-
cations so as to provide a summary of the decision elements.

In an additional aspect, one or more decision elements
relating to one or more decisions and criteria may be
identified from one or more communications. The decision
clements may be grouped together according to similar
characteristics. The decision elements may be may be
linked, and sentiments of the discussion participants towards
cach of the decision elements may be analyzed. A summary
of the plurality of the decision elements may be provided via
an 1nteractive graphical user interface (GUI) on one or more
Internet of Things (IoT) devices. The summary of the
decision elements may be linked to domain knowledge. The
summary may be enhanced using domain knowledge.

It 1s understood in advance that although this disclosure
includes a detailed description on cloud computing, imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Rather, embodiments of the
present 1nvention are capable of being implemented in
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4

conjunction with any other type of computing environment
now known or later developed.

Cloud computing 1s a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
ellort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.

Characteristics are as Follows:

On-demand self-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There 1s
a sense ol location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specity
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, 1n some cases automatically, to quickly scale
out and rapidly released to quickly scale 1n. To the consumer,
the capabilities available for provisioning often appear to be
unlimited and can be purchased 1n any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts ). Resource usage can be monitored, controlled, and
reported providing transparency for both the provider and
consumer of the utilized service.

Service Models are as Follows:

Software as a Service (SaaS): the capability provided to
the consumer 1s to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even 1mdividual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capabaility provided to
the consumer 1s to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
coniigurations.

Infrastructure as a Service (IaaS): the capability provided
to the consumer 1s to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer 1s able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
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infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).

Deployment Models are as Follows:

Private cloud: the cloud infrastructure 1s operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or ofl-premises.

Community cloud: the cloud infrastructure 1s shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or oll-premises.

Public cloud: the cloud infrastructure 1s made available to
the general public or a large industry group and 1s owned by
an organization selling cloud services.

Hybrid cloud: the cloud infrastructure 1s a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
1zed or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment 1s service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing 1s
an infrastructure comprising a network of interconnected
nodes.

Referring now to FIG. 1, a schematic of an example of a
cloud computing node 1s shown. Cloud computing node 10
1s only one example of a suitable cloud computing node and
1s not mtended to suggest any limitation as to the scope of
use or functionality of embodiments of the invention
described herein. Regardless, cloud computing node 10 1s
capable of being implemented and/or performing any of the
functionality set forth hereinabove.

In cloud computing node 10 there 1s a computer system/
server 12, which 1s operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with computer system/server 12 include, but are
not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputer systems, mainframe computer
systems, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer system/server 12 may be described in the
general context ol computer system-executable instructions,
such as program modules, being executed by a computer
system. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer system/server 12 may be
practiced 1n distributed cloud computing environments
where tasks are performed by remote processing devices that
are linked through a communications network. In a distrib-
uted cloud computing environment, program modules may
be located 1n both local and remote computer system storage
media including memory storage devices.

As shown 1 FIG. 1, computer system/server 12 in cloud
computing node 10 i1s shown in the form of a general-
purpose computing device. The components of computer
system/server 12 may include, but are not limited to, one or
more processors or processing units 16, a system memory
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28, and a bus 18 that couples various system components
including system memory 28 to processor 16.

Bus 18 represents one or more of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way ol example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Flectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system/server 12 typically includes a vaniety of
computer system readable media. Such media may be any
available media that 1s accessible by computer system/server
12, and 1t includes both volatile and non-volatile media,
removable and non-removable media.

System memory 28 can include computer system readable
media in the form of volatile memory, such as random
access memory (RAM) 30 and/or cache memory 32. Com-
puter system/server 12 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 34 can
be provided for reading from and writing to a non-remov-
able, non-volatile magnetic media (not shown and typically
called a “hard drive”). Although not shown, a magnetic disk
drive for reading from and writing to a removable, non-
volatile magnetic disk (e.g., a “floppy disk™), and an optical
disk drnive for reading from or writing to a removable,
non-volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media
interfaces. As will be further depicted and described below,
system memory 28 may include at least one program prod-
uct having a set (e.g., at least one) of program modules that
are configured to carry out the functions of embodiments of
the 1nvention.

Program/utility 40, having a set (at least one) of program
modules 42, may be stored in system memory 28 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Fach of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an 1mple-
mentation of a networking environment. Program modules
42 generally carry out the functions and/or methodologies of
embodiments of the invention as described herein.

Computer system/server 12 may also communicate with
one or more external devices 14 such as a keyboard, a
pointing device, a display 24, etc.; one or more devices that
enable a user to interact with computer system/server 12;
and/or any devices (e.g., network card, modem, etc.) that
enable computer system/server 12 to communicate with one
or more other computing devices. Such communication can
occur via Input/Output (I/O) interfaces 22. Still yet, com-
puter system/server 12 can communicate with one or more
networks such as a local area network (LAN), a general wide
areca network (WAN), and/or a public network (e.g., the
Internet) via network adapter 20. As depicted, network
adapter 20 communicates with the other components of
computer system/server 12 via bus 18. It should be under-
stood that although not shown, other hardware and/or soft-
ware components could be used 1n conjunction with com-
puter system/server 12. Examples, include, but are not
limited to: microcode, device drivers, redundant processing
units, external disk drive arrays, RAID systems, tape drives,
and data archival storage systems, efc.




US 11,100,160 B2

7

Referring now to FIG. 2, illustrative cloud computing
environment 50 1s depicted. As shown, cloud computing
environment 50 comprises one or more cloud computing
nodes 10 with which local computing devices used by cloud
consumers, such as, for example, personal digital assistant
(PDA) or cellular telephone 54A, desktop computer 54B,
laptop computer 34C, and/or automobile computer system
54N may communicate. Nodes 10 may communicate with
one another. They may be grouped (not shown) physically or
virtually, 1n one or more networks, such as Private, Com-
munity, Public, or Hybrid clouds as described heremnabove,
or a combination thereof. This allows cloud computing
environment 30 to offer inirastructure, platforms and/or
software as services for which a cloud consumer does not
need to maintain resources on a local computing device. It
1s understood that the types of computing devices S4A-N
shown 1n FIG. 2 are intended to be illustrative only and that
computing nodes 10 and cloud computing environment 50
can communicate with any type of computerized device over
any type of network and/or network addressable connection
(c.g., using a web browser).

Referring now to FIG. 3, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
2) 1s shown. It should be understood 1n advance that the
components, layers, and functions shown mn FIG. 3 are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
soltware components. Examples of hardware components
include: mainirames 61; RISC (Reduced Instruction Set
Computer) architecture based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
components 66. In some embodiments, soltware compo-
nents include network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
provided: wvirtual servers 71; virtual storage 72; wvirtual
networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provides cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption ol these resources. In one example, these
resources may comprise application software licenses. Secu-
rity provides identity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provides pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement 1s
anticipated 1n accordance with an SLA.

Workloads layer 90 provides examples of functionality
tor which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 91;
software development and lifecycle management 92; virtual
classroom education delivery 93; data analytics processing
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94. transaction processing 95; and, in the context of the
illustrated embodiments of the present invention, various
workloads and functions 96 for intelligent 1mage note pro-
cessing. In addition, workloads and functions 96 for intel-
ligent 1image note processing may include such operations as
data analytics, data analysis, and as will be further described,
notification fTunctionality. One of ordinary skill 1n the art wall
appreciate that workloads and functions 96 for intelligent
image note processing may also work in conjunction with
other portions of the various abstractions layers, such as
those 1n hardware and software 60, virtualization 70, man-
agement 80, and other workloads 90 (such as data analytics
processing 94, for example) to accomplish the various
purposes of the illustrated embodiments of the present
invention.

As previously mentioned, the mechanisms of the 1llus-
trated embodiments provide novel approaches for intelligent
image note processing. An image captured by a user on a
user equipment (“UE”) (e.g., a computing device, wireless
communication device, an IoT device, camera, media cap-
turing device, tablet, wearable device, etc.) may be analyzed
and may tag the captured image as either “save” or “extract.”
The tagging may be based on a similarity index of prior
images. Images with a “save” tag may be saved to a
computing device’s (e.g., UE and/or IoT device) native
photo gallery without additional tasks undertaken. Images
tagged with an “extract” tag may be analyzed, and infor-
mation (e.g., notation data) 1s extracted. By way of example
only, a note or “notation data” may be any data of records
ol facts, topics, thoughts, events, dates, remarks, drawings,
commentary, annotations, and/or explanations, which may
be designed as an aid to memory, a reminder, indication to
perform some task, and/or used for later recall. The note or
“notation data” may also be a special mention of or remark
and/or writing designed to assist one or more persons to
remember something. Also, a note or “notation data” may be
a series or system ol written symbols used to represent
numbers, amounts, or elements in something.

The extracted information may be further analyzed for
one or more regular expressions and keywords such as, for
example, dates and/or a service set identifier (“SSID™). After
the analysis, the user 1s notified. For example, 11 a date was
identified on the image indicating an event, then a calendar
entry and/or calendar reminder may be created, and the user
can accept or decline the added calendar entry or reminder.
IT accepted, the entry will be stored in the calendar and the
original 1mage 1s deleted.

Turning now to FIG. 4, a block diagram depicting exem-
plary functional components 400 according to various
mechanisms of the illustrated embodiments 1s shown. FIG.
4 1llustrates a system 400 for intelligent image note pro-
cessing 1n an IoT computing environment. As will be seen,
many of the functional blocks may also be considered
“modules” or “components” of functionality, 1n the same
descriptive sense as has been previously described in FIGS.
1-3. With the foregoing in mind, the module/component
blocks 400 may also be incorporated into various hardware
and software components ol a system for cognitive data
curation 1n accordance with the present mnvention. Many of
the functional blocks 400 may execute as background pro-
cesses on various components, either 1 distributed comput-
ing components, or on the user device, or elsewhere.

An telligent 1mage note processing service 410 1is
shown, 1mcorporating processing umt 16 (“processors) and
memory 28 of FI1G. 1 to perform various computational, data
processing and other functionality 1n accordance with vari-
ous aspects of the present mnvention. The intelligent image
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note processing service 410 may be provided by the com-
puter system/server 12 of FIG. 1.

As one of ordmary skill in the art will appreciate, the
depiction of the various functional units in the intelligent
image note processing service 410 1s for purposes of 1llus-
tration, as the functional units may be located within the
intelligent 1mage note processing service 410 or elsewhere
within and/or between distributed computing components.

The mtelligent image note processing service 410 may be
in communication with and/or association with one or more
image capturing devices 420 (e.g., an internet ol things
“loT” computing device such as, for example, a camera,
smartphone, desktop computer, laptop computer, tablet, and/
or another electronic device that may have one or more
processors and memory and configured for capturing images
or video data). The image capturing devices 420 and the
intelligent 1mage note processing service 410 may each be
associated with and/or 1n communication with each other, by
one or more communication methods, such as a computing
network, wireless communication network, or other network
means enabling communication.

In one aspect, the intelligent image note processing ser-
vice 410 may provide virtualized computing services (1.e.,
virtualized computing, virtualized storage, virtualized net-
working, etc.) to the one or more 1mage capturing devices
420. More specifically, the intelligent image note processing
service 410 may provide, and/or be included 1n, a virtualized
computing, virtualized storage, virtualized networking and
other virtualized services that are executing on a hardware
substrate.

The 1image note processing service 410 may also function
as a database and/or service that may store, maintain, and
update data, services, and/or resources internal to and/or
external to a cloud computing environment such as
described 1n FIG. 2. In one aspect, image note processing
service 410 may assist 1n providing access to and/or assist 1n
performing one or more various types ol data, services
and/or resources. In one aspect, the 1mage note processing
service 410 may provide an 1image classification component
440, an extraction component 450, an analysis component
460, a notification component 470, and a machine learning
component 480.

In one aspect, the 1image classification component 440
may 1dentily and determine one or more 1mages associated
with a user equipment (UE) having notation data. The image
classification component 440 may tag one or more 1images to
extract the notation data (e.g., using an “extraction” tag)
and/or tag one or more 1mages failing to include the notation
data (e.g., using a “save” tag). In one aspect, the 1mage
classification component 440 may be remotely located from
the 1mage capturing device 420 and/or locally installed on
the 1image capturing device 420 and 1n communication with
image note processing service 410.

The extraction component 450 may extract the notation
data from the one or more i1mages to create one or more
actions 1n relation to the notation data. That 1s, 1f the 1mages
include the “extraction” tag, the extraction component 450
component may use natural language processing (NLP) to
extract the notation data included on the image. Thus, the
extraction component 450 may extract from the 1mage such
as, for example, using natural language processing and/or
Optical Character Recognition (OCR). The extraction com-
ponent 450 may be remotely located from the 1mage cap-
turing device 420 and/or locally installed on the image
capturing device 420 and 1n communication with 1mage note
processing service 410.
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In one aspect, the machine learning component 480 may
be mitiated to learn a classification model such that the
classification model distinguishes between those of the one
or more 1images having the notation data (e.g., “extraction”
tags) and those of the one or more 1mages failing to include
the notation data (e.g., the “save” tags).

The analysis component 460 may analyze the one or more
images to learn an intent or purpose of the notation data. The
analysis of the 1mages may occur prior to extracting the
notation data and/or subsequent to extracting the notation
data. The analysis component 460 may be remotely located
from the 1image capturing device 420 and/or locally installed
on the image capturing device 420 and 1n communication
with 1mage note processing service 410.

The notification component 470 may notify a user of the
one or more actions on the UE (e.g., directly indicated
and/or indirectly indicated). The noftification component
470, 1n association with the machine learming component
480, may collect feedback data relating to an evaluation by
the user of the one or more actions 1n relation to the notation
data. The notification component 470 may also perform the
one or more actions indicated by the notation data. The
notification component 470 may be remotely located from
the 1mage capturing device 420 and/or locally installed on
the image capturing device 420 and 1n communication with
image note processing service 410.

In operation, the image note processing service 410 may
be performed in three stages such as, for example, stage 1:
a classily new images, stage 2: extract content, stage 3:
content analysis, stage 4: user notification, and/or stage 3:
teedback and self-learning.

STAGE 1: Classily New Images

An 1mage may be captured by the user on a UE of the user
such as, for example, UE 420. The image classification
component 440 determines and derives which tag will be
assigned to the image. The 1mage classification component
440 may use a classification model operation of the machine
learning component 480 for determining which tag to assign
the 1image. The 1image classification component 440 and/or
the UE 420, 1tself, may provide an application/operation that
may group 1mages based on attributes or parameters such as,
for example, a location and/or content. If the 1mage 1s a
mountain range, a person, and/or an attraction, the image
classification component 440 may assign the appropriate
tag. The classification model operation may be trained via
the machine learning component 480 to distinguish between
two 1mage types: Type 1) actual images (e.g., 1mages cap-
tured for the sole purpose of retaining the image without
containing notation data), and Type 2) images containing
notes or notation data (e.g., images captured with the inten-
tion ol remembering information (with notes or notation
data) stored within the 1image and retrieving the information
later). The traiming of the classification model operation may
occur using the machine learning component 480 locally
and/or on a remotely such as, for example on the UE 420
and/or a cloud computing server.

In one aspect, the classification model may learn and/or
adapt to a user’s personality, preferences, behaviors, and/or
interests such as, for example, using computer vision infor-
mation. For example, a user may use the image capturing
device 420 and take 1mages and/or video of a laptop screen
to take notes. The classification model operation identifies
the laptop 1n the picture and associates the information to an
attribute towards being tagged as “note.” The classification
model operation may be a one-time effort that produces the
classification model operation based on all currently avail-
able 1mages. With every new image, the classification model
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operation can be enhanced. The classification model opera-
tion may include a classification model scoring operation.
That 15, each new 1mage may be scored against the classi-
fication model operation and labeled with a tag (“save™ or
“extract”). Images tagged with “save” are saved on the UE. 5
Images tagged with “extract” are passed on to the extraction
process.

For example, as illustrated in Option 1, a user captures an
image 422 (e.g., a landscape scene) on the UE 420. The
classification model operation classifies the image as Type 1 10
(e.g., an actual 1image without notation data), and the image
422 1s saved to the UE 420 and/or a cloud computing system
associated with the UE 420. As illustrated in Option 2, a user
captures an 1mage 424 (e.g., a screen shot of a landscape
scene with a comment) on the UE 420. The classification 15
model operation classifies the image as Type 2 (actual image
without notation data), and the image 422 1s are passed on
to the extraction process. For example, the image 424 may
be processed to extract content 426, analyze text 428, and
provide a user notification on the UE 420 such as, for 20
example, “Your last picture appears to have been intended to
store information. We’ve extracted the information and
associated the text to contact “John Doe.” Do you want to
save 1t and deleted the original picture?”

STAGE 2: Extract Content 25

Upon complete of stage 1, the tagged 1mage (e.g., image
tagged with “extraction” tag) may be prepared by the
extraction component 450 for a natural language processing
(“NLP) operation, Al operation, and/or an optical character
recognition scan. For example, the processing may include 30
automatically adjusting the sharpness, brightness, contracts,
ctc. The image may be transformed to grayscale, 11 selected.
The NLP operation, Al operation, and/or OCR search/scan
may extract all information 1n text-form from the image. The
extraction component 450 and/or the machine learning com- 35
ponent 480 may be used to perform the NLP operation, Al
operation, and/or OCR search/scan.

Additionally, one or more extraction operations may be
employed by the extraction component 450 to extract further
information such as, for example, a company logo. 40

For example, if an image of a product 1s captured as a
reminder, the logo can be used to associate the 1image with
the product on a website, and a link can be stored 1nstead of
the actual image. The extracted information and original
image may be saved and cached for a final or user evalua- 45
tion.

STAGE 3: Content Analysis

Upon completion of state 2, the analysis component 460
may analyze the extracted imnformation to derive an intent
and/or purpose behind capturing this “image note.” The 50
content may be scanned for phrases, character patterns,
and/or other expressions that match against a repository of
regular expressions, which may be included in the analysis
component 460. These include, but are not limited to: email
address, dates, times, locations/coordinates, flight numbers/ 55
confirmation codes, telephone numbers, website links, credit
card numbers, social media handles, shipping tracking num-
bers, or other user defined data. The content may be searched
and/or scanned for keywords, phrases, expressions, and/or
other data indicating or appearing as notation data. These 60
keywords, phrases, expressions, for example, may be based
on or related to each specific user. Over time, a domain
knowledge (e.g., ontology or dictionary) of keywords,
phrases, expressions may be personalized for each user to
reflect unique preferences, interests, and/or behaviors. For 65
example, the keywords, phrases, expressions may include,
but are not limited to: names of people/contacts, book
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titles/identification numbers, “SSID” indicating Wi-Fi net-
work information, movie titles, and/or comments relating to
a course of action (e.g., I need to call user X"). The results
may be stored (e.g., cache/memory 28 and/or on the UE) and
may replace the mmitial, extracted content alongside the
original image.

STAGE 4: User Notification

The notification component 470 may share the analyzed
content information with the user for final evaluation. The
notification component 470 may notily a user to implement
one or more suggested courses of action. Alternatively, the
notification component 470 may automatically implement
one or more courses of action. The results of the extracted
information may be displayed on the UE (e.g., using a
graphical user interface “GUI” of the UE) with one or more
proposed action. For example, 11 a date/time 1s the notation
data extracted from the image, a calendar entry may be
created. If a name of a contact 1s identified and extracted, the
text may be linked to the contact via the notification com-
ponent 470, making 1t easily available when searching for
the contact by a user. If a name of a movie 1s identified and
extracted, theaters playing the movie and/or commercial
enterprises selling the movie may be displayed with the
option to remind the user at a later period of time. If Wi-Fi
information 1s 1dentified and extracted, the network may be
added to the UE. If no action can be attributed, the recog-
nized text may be stored as character data in a native note
(e.g., customizable to be saved within the user’s favorite
reminder application associated with the UE) to save storage
space. The user may be asked, via the notification compo-
nent 470, for final verification of the proposed action. The
original image may be deleted upon verification by user and
the content 1s stored 1n the new proposed form.

STAGE 5: Feedback and Seli-Learning

The machine learming component 480 may also collect
and/or receive user feedback to learn and improve the
personalization of information extracted for each user and to
improve the accuracy of the intelligent image note process-
ing service 410. The intelligent 1mage note processing
service 410 may consider user acceptance in Stage 4. For
example, 11 a user does not approve the proposed action then
the content analysis may be rated with a low score. However,
if the user does approve the proposed action the analysis of
the extracted notation data may be scored higher. The user
can provide additional scoring to the extracted information
such as, for example, a user specifying 1f all suflicient
information was extracted from the image and/or if extra-
neous information has been extracted. Based on this feed-
back, the machine learning component 480 may adjusts
which 1mages are marked as note 1mages, and what 1nfor-
mation 1s extracted from those images.

In one aspect, the machine learning component 480, 1n
association with the image classification component 412
and/or the extraction component 450, and/or the analysis
component 460, may employ a semantic analysis on data
from one or more data sources such as, for example, IoT
device 460 and 470 and can also be used to understand the
type ol content the user 1s consuming. That 1s, the machine
learning component 480 may employ and run NLP and Al
tools against the data sources and learn the data content. That
1s, the machine learning component 480 may learn different
sets of data and may use the Al to make cognitive associa-
tions or links between one or more users, activities, behav-
1ors, relationships, responsibilities, concepts, methods, fea-
tures, characteristics, schedules, events, decision elements,
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alternatives to a decision, alternative options/choices/events,
decision criteria, concepts, suggestions and/or an underlying
common activity.

It should be noted that as used herein, the machine
learning component 480 may apply one or more heuristics
and machine learning based models using a wide vaniety of
combinations of methods, such as supervised learning, unsu-
pervised learming, temporal difference learning, reinforce-
ment learning and so forth. Some non-limiting examples of
supervised learning which may be used with the present
technology include AODE (averaged one-dependence esti-
mators), artificial neural networks, Bayesian statistics, naive
Bayes classifier, Bayesian network, case-based reasoning,
decision trees, inductive logic programming, Gaussian pro-
Cess regression, gene expression programming, group
method of data handling (GMDH), learning automata, learn-
ing vector quantization, minimum message length (decision
trees, decision graphs, etc.), lazy learning, istance-based
learning, nearest neighbor algorithm, analogical modeling,
probably approximately correct (PAC) learning, ripple down
rules, a knowledge acquisition methodology, symbolic
machine learming algorithms, sub symbolic machine learn-
ing algorithms, support vector machines, random {forests,
ensembles of classifiers, bootstrap aggregating (bagging),
boosting (meta-algorithm), ordinal classification, regression
analysis, information fuzzy networks (IFN), statistical clas-
sification, linear classifiers, fisher’s linear discriminant,
logistic regression, perceptron, support vector machines,
quadratic classifiers, k-nearest neighbor, hidden Markov
models and boosting. Some non-limiting examples of unsu-
pervised learning which may be used with the present
technology include artificial neural network, data clustering,
expectation-maximization, self-organizing map, radial basis
function network, vector quantization, generative topo-
graphic map, information bottleneck method, IBSEAD (dis-
tributed autonomous entity systems based interaction), asso-
ciation rule learning, apriori algorithm, eclat algorithm,
FP-growth algorithm, hierarchical clustering, single-linkage
clustering, conceptual clustering, partitional clustering,
k-means algorithm, fuzzy clustering, and remnforcement
learning. Some non-limiting examples of temporal difler-
ence learning may include Q-learming and learning
automata. Specific details regarding any of the examples of
supervised, unsupervised, temporal difference or other
machine learning described 1n this paragraph are known and
are considered to be within the scope of this disclosure.

Turning now to FI1G. 5, a method 500 for intelligent image
note processing by a processor 1s depicted, 1n which various
aspects of the illustrated embodiments may be implemented.
In one aspect, each of the components, modules, and/or
functions described 1 FIGS. 1-4 may also apply to the
components, modules, and functions of FIG. 5. The func-
tionality 500 may be implemented as a method executed as
istructions on a machine, where the instructions are
included on at least one computer readable medium or one
non-transitory machine-readable storage medium. The func-
tionality 500 may start in block 502.

One or more 1mages associated with a user equipment
(UE) may be determined to have notation data, as 1n block
504. The notation data may be extracted from the one or
more 1mages to create one or more actions in relation to the
notation data, as 1n block 506. A user may be notified of the
one or more actions, as 1 block 508. The functionality 500
may end, as 1 block 510.

Turning now to FIG. 6, a method 600 intelligent 1image
note processing by a processor 1s depicted, 1n which various
aspects of the illustrated embodiments may be implemented.
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The functionality 600 may be implemented as a method
executed as instructions on a machine, where the instruc-

tions are ncluded on at least one computer readable medium
or one non-transitory machine-readable storage medium.
The functionality 600 may start in block 602.

An 1mage, captured by a user (e.g., via an image capturing
device), may be analyzed and the image may be tagged
based on similarity index of prior images as either save or
extract, as 1n block 604. The image tagged with a “save” tag
may be saved to a UE without additional tasks undertaken,
as 1 block 606. Data/information (e.g., notes) may be
analyzed and extracted from the images tagged with an
“extract” tag, as 1 block 608. The extracted information
may be analyzed for one or more expressions and/or key-
words (e.g., using an NLP operation), as 1n block 610. A user
may be notified of one or more actions indicated according
to the extracted information, as 1n block 612. The function-

ality 600 may end, as 1n block 614.

In one aspect, 1n conjunction with and/or as part of at least
one block of FIGS. 5-6, the operations of methods 500 and

600 may include each of the following. The operations of
methods 500 and 600 may tag one or more 1images (€.g., new
images captured on an image capturing device) to extract the
notation data and/or tag other images failing to include the
notation data.

The operations of methods 500 and 600 may initiate a
machine learning operation to learn a classification model
such that the classification model distinguishes between
those of the one or more 1images having the notation data and
those of the one or more images failing to include the
notation data. NLP may be used to extract the notation data.
One or more 1images may be analyzed to learn an intent or
purpose ol the notation data. One or more actions indicated
by the notation data may be performed.

The operations of methods 500 and 600 may notify a user
of the one or more actions on the UE, and/or collect
teedback data relating to an evaluation by the user of the one
or more actions 1n relation to the notation data.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present 1nvention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
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guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program 1instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program 1instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present mvention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowcharts and/or block diagram block or blocks.
These computer readable program instructions may also be
stored 1n a computer readable storage medium that can direct
a computer, a programmable data processing apparatus,
and/or other devices to function 1n a particular manner, such
that the computer readable storage medium having nstruc-
tions stored theremn comprises an article of manufacture
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including nstructions which implement aspects of the tunc-
tion/act specified in the flowcharts and/or block diagram

block or blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
charts and/or block diagram block or blocks.

The flowcharts and block diagrams in the Figures 1llus-
trate the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the tlow-
charts or block diagrams may represent a module, segment,
or portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustrations, and combinations of blocks in the block dia-
grams and/or tlowchart i1llustrations, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The mvention claimed 1s:
1. A method for intelligent 1mage note processing by a
Processor, comprising:

determining one or more 1mages associated with a user
equipment (UE) having notation data, wherein the
determining 1includes analyzing the one or more
images, utilizing a machine learning operation, to iden-
t1fy those of the one or more 1mages having the notation
data according to learned behaviors and preferences of
a user;

extracting the notation data from the one or more 1mages,
wherein the extracting includes identifying, through
analyzation of a stylized logo depicted within the one
or more 1mages, a business producing a product cap-
tured as the notation data within the one or more
1mages;

automatically creating one or more actions to be per-
formed by the UE according to the notation data,
wherein the creating of the one or more actions
includes generating a link to a website associated with
the product of the business using data not explicitly
referenced 1n the one or more 1mages, and storing the
link to the website on the UE 1n place of the one or
more 1mages;

notitying the user of the one or more actions to be
performed on the UE; and

collecting feedback data relating to an evaluation by the
user ol the one or more actions in relation to the
notation data, wherein collecting the feedback data 1s
used to improve the machine learning operation and
includes querying the user, by the UE, whether suil-
cient information was extracted from the notation data
to automatically create the one or more actions and
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whether extraneous information relating to the one or
more actions was extracted from the one or more
1mages.

2. The method of claim 1, further including:

tagging the one or more 1mages to extract the notation

data; or

tagging the one or more images failing to include the

notation data.

3. The method of claim 1, further including nitiating the
machine learning operation to learn a classification model
such that the classification model distinguishes between
those of the one or more 1images having the notation data and
those of the one or more images failing to include the
notation data.

4. The method of claim 1, further including using natural
language processing (NLP) to extract the notation data.

5. The method of claim 1, further including analyzing the
one or more 1mages to learn an intent or purpose of the
notation data.

6. The method of claim 1, further including performing
the one or more actions 1ndicated by the notation data.

7. A system for intelligent image note processing, com-
prising:

one or more computers with executable 1nstructions that

when executed cause the system to:

determine one or more 1mages associated with a user
equipment (UE) having notation data, wherein the
determiming 1includes analyzing the one or more
images, utilizing a machine learning operation, to
1dentily those of the one or more 1mages having the
notation data according to learned behaviors and
preferences of a user;

extract the notation data from the one or more 1mages,
wherein the extracting includes identifying, through
analyzation of a stylized logo depicted within the one
or more i1mages, a business producing a product
captured as the notation data within the one or more
1mages;

automatically create one or more actions to be per-
formed by the UE according to the notation data,
wherein the creating of the one or more actions
includes generating a link to a website associated
with the product of the business using data not
explicitly referenced 1n the one or more 1images, and
storing the link to the website on the UE 1n place of
the one or more 1mages;

notily the user of the one or more actions to be
performed on the UE; and

collect feedback data relating to an evaluation by the
user of the one or more actions 1n relation to the
notation data, wherein collecting the feedback data 1s
used to improve the machine learning operation and
includes querying the user, by the UE, whether
sutlicient mformation was extracted from the nota-
tion data to automatically create the one or more
actions and whether extraneous information relating,
to the one or more actions was extracted from the one
Or mMore 1mages.

8. The system of claim 7, wherein the executable mnstruc-
tions further:

tag the one or more 1mages to extract the notation data; or

tag the one or more 1mages failing to include the notation

data.

9. The system of claim 7, wherein the executable 1nstruc-
tions further mitiate the machine learning operation to learn
a classification model such that the classification model
distinguishes between those of the one or more images

10

15

20

25

30

35

40

45

50

55

60

65

18

having the notation data and those of the one or more 1images
failing to include the notation data.

10. The system of claim 7, wherein the executable nstruc-
tions further use natural language processing (NLP) to
extract the notation data.

11. The system of claim 7, wherein the executable nstruc-
tions further analyze the one or more images to learn an
intent or purpose ol the notation data.

12. The system of claim 7, wherein the executable nstruc-

tions further perform the one or more actions indicated by
the notation data.

13. A computer program product for intelligent image
note processing by a processor, the computer program
product comprising a non-transitory computer-readable stor-
age medium having computer-readable program code por-
tions stored therein, the computer-readable program code
portions comprising:

an executable portion that determines one or more 1mages

associated with a user equipment (UE) having notation
data, wherein the determining includes analyzing the
one or more images, utilizing a machine learning
operation, to 1dentity those of the one or more 1mages
having the notation data according to learned behaviors
and preferences of a user;

an executable portion that extracts the notation data from

the one or more images, wherein the extracting
includes 1dentifying, through analyzation of a stylized
logo depicted within the one or more 1images, a business
producing a product captured as the notation data
within the one or more 1mages;

an executable portion that automatically creates one or

more actions to be performed by the UE according to
the notation data, wherein the creating of the one or
more actions includes generating a link to a website
associated with the product of the business using data
not explicitly referenced 1n the one or more 1mages, and
storing the link to the website on the UE 1n place of the
one or more 1mages;

an executable portion that notifies the user of the one or

more actions to be performed on the UE; and

an executable portion that collects feedback data relating

to an evaluation by the user of the one or more actions
in relation to the notation data, wherein collecting the
feedback data 1s used to improve the machine learning
operation and includes querying the user, by the UFE,
whether suilicient information was extracted from the
notation data to automatically create the one or more
actions and whether extraneous information relating to
the one or more actions was extracted from the one or
more 1images.

14. The computer program product of claim 13, further
including an executable portion that:

tags the one or more 1mages to extract the notation data;

or

tags the one or more 1mages failing to include the notation

data.

15. The computer program product of claim 13, further
including an executable portion that initiates the machine
learning operation to learn a classification model such that
the classification model distinguishes between those of the
one or more 1images having the notation data and those of the
one or more 1mages failing to include the notation data.

16. The computer program product of claim 13, further
including an executable portion that:

uses natural language processing (NLP) to extract the

notation data; and
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analyzes the one or more images to learn an intent or
purpose ol the notation data.
17. The computer program product of claim 13, further
including an executable portion that performs the one or
more actions indicated by the notation data. 5
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